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Executive Summary

This report describes a total maximum daily load (TMDL) for Cotton Bayou
Tidal, where concentrations of indicator bacteria exceed the criteri on used to
evaluate attainment of the ~ primary contact recreation 1 use . The Texas
Commission on Environment  al Quality ( TCEQ) first identified the impairments

to Cotton Bayou Tidal inthe 2010 Texas Integrated Report of Surface Water
Quality for Clean Water Act Sections  305(b) and 303(d) (Texas Integrated Report,
TCEQ, 2010).

This report will consider one bacteria impairment in one assessment unit (AU)
of Cotton Bayou Tidal. The impaired water body and identifying AU are:

9 Cotton Bayou Tidal (AU 0801C_01)

The Cotton Bayou watershed is located near the northern border of Galveston

Bay. Cotton Bayou comprises two AUs (Cotton Bayou Above Tidal, 0801E_01 and
Cotton Bayou Tidal, 0801C_01) and flows for about 5.4 miles to its termination

into Cotton Lake , with the last 0.7 miles making up the impaired AU . The Cotton
Bayou Tidal watershed covers 16.2 square miles an d is located entirely within
Chambers County .

Enterococci are widely used as indicator bacteria to determine attainment of the
contact recreation use in saltwater. The criterion for determining attainment of
the contact recreation use is expressed as the n umber of bacteria, typically
given as colony forming units (cfu) in 100 milliliters (mL) of water. The primary
contact recreation 1 use is not supported in saltwater when the geometric mean
of all samples for the assessment period exceeds 35 cfu per 100 mL .

Enterococci data were collected at a TCEQ surface water quality monitoring
(SWQM) station in the impaired AU over a seven  -year period from October 1,
201 3, through November 30, 20 20. These data were used in assessing
attainment of the primary contact recreation 1 use and reported in the 202 2
Texas Integrated Report (TCEQ, 202 2a). The assessed data indicate non -
attainment of the contact recreation standard in AU 0801C 01.

Within the Cotton Bayou Tidal watershed, probable sources of bacteria incl ude
domestic wastewater treatment facilities (WWTFS), regulated stormwater runoff,
sanitary sewer overflows (SSOs), illicit discharges, on -site sewage facilities
(OSSFs), agricultural activities, and contributions from wildlife and domesticated
animals.

A review of the TCEQ Central Registry for active permits found six permitted
domestic WWTFs inthe Cotton Bayou Tidal watershed. All of them have effluent
limits for bacteria. There were also two Phase Il Municipal Separate Storm Sewer
System (MS4) General Permit authorizations and one combined Phase | and Il
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MS4 individual permit with stormwater discharges , along with numerous
Construction General Permit (CGP) authorizations . Approximately 35.1%
(3,634.6 acres) of the watershed was regulated under stormwate r permits.

A modified load duration curve (LDC) analysis was done for the TMDL

watershed to quantify allowable pollutant loads, as well as allocations for point
and nonpoint sources of bacteria. Wasteload allocations (WLAS) were

established for WWTFs disch arging to the AUs. The WLA was calculated as the
full permitted daily  -average flow rate multiplied by the geometric mean
criterion. Future growth (FG) of existing or new domestic point sources was
determined for the watershed using population growth projec tions.

The TMDL calculations in this report will guide determination of the assimilative
capacity of the water body under changing conditions, including FG. WWTFs will
be evaluated case by case.

Introduction

Section 303(d) of the federal Clean Water  Act requires all states to identify

waters that do not meet, or are not expected to meet, applicable water quality

standards. States must develop a TMDL for each pollutant that contributes to

the impairment of a water body included on a stohimmied 303 (d) I i
waters . TCEQ is responsible for ensuring that TMDLs are developed for impaired

surface waters in Texas.

A TMDL is like a budget f it determines the amount of a particular pollutant that
a water body can receive and still meet applicable water qu ality standards.
TMDLs are the best possible estimates of the assimilative capacity of the water
body for a pollutant under consideration. A TMDL is commonly expressed as a
load with units of mass per period of time, but may be expressed in other ways.

The TMDL Program is a major component of Texas?®
managing the quality of its surface waters. The program addresses impaired or

threatened streams, reservoirs, lakes, bays, and estuaries (water bodies) in, or

bordering on, the state of Texa s.The pr o g r gnm&ry objective is to restore

and maintain water quality usesfi such as drinking water supply, recreation,

support of aquatic life, or fishing fi of impaired or threatened water bodies.

This TMDL report addresses impairments tothe  primary ¢ ontact recreation 1
use due to elevated levels of indicator bacteria in Cotton Bayou Tidal
(0801C_01). This TMDL takes a watershed approach to addressing the indicator
bacteria impairment. Though Cotton Bayou was considered to be tidally

influenced along i ts full length as recently as 2020, analyses conducted for this
project revealed that ambient conditions and biological assessments upstream

of a point 0.7 miles from the confluence of Cotton Lake were more
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characteristic of an above -tidal stream. Therefore, tidal (0801C, AU 0801C_01)
and above tidal (0801E, AU 0801 E 01) reaches are now recognized in Cotton
Bayou. While TMDL allocations were developed only for the impaired AU

identified in this report, the en tire project watershed (Figure 1) and all WWTFs
that discharge within it are included within the scope of this TMDL. Information
in this TMDL report was derived from the  Technical Support Document for  One
Total Maximum Daily Load for Indicator Bacteria in Cotton Bayou Tidal

(Windham , 2022).2

Chambers County.

Legend
Cotton Bayou ~"\~ Stream Network |
M AU 0801E 01 Major Roadways

|| sAm= Impaired AU 0801C 01 * City Boundaries '

Cotton Bayou Watershed

0 1 2 3 4 Miles

Figure 1. Map of the TMDL  watershed

Section 303(d) of the Clean Water Act and the implementing regulations of the

United States (U.S.) Environmental Protection Agency (EPA) in Title 40 of the

Code of Federal Regulations (CFR), Chapter 1, Part 130 (40 CFR 130) describe the
statutory and regulatory requirements for acceptable TMDLs. EPA provides

further direction in its Guidance for Water Q uality -Based Decisions: The TMDL
Process (EPA, 1991). This TMDL report has been prepared in accordance with
those regulations and guidelines.

TCEQ must consider certain elements in developing a TMDL. They are described
in the following sections of this re port:

91 Problem Definition

2 https://lwww.tceq.texas.gov/ downloads/water -quality/tmdl/cotton  -bayou -recreational -124/124 -as-473-
cotton -bayou -bacteria -tsd -2022 -sept.pdf
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Upon adoption of the TMDL report by the commission and subsequent EPA
approval, these TMDLs will become an update to the st at e 0 g QuUAldyt e
Management Plan (WQMP).

Problem Definition

TCEQ first identified the impairment of the primary contact recreation 1 use

within Cotton Bayou Tidal inthe 20 10 Texas Integrated Report (TCEQ, 2010),
and again in each subsequent edition through the EPA -approved 202 2 Texas
Integrated Report (TCEQ , 202 2a).

Recent surface water Enterococci monitoring within the TMDL watershed has
occurred at three TCEQ SWQM stations , although only one of those stations is
located on the impaired AU  (Table 1 and Figure 2). Enterococci data, collected at
the station on the impaired AU from October 1, 2013, thr ough November 30,
2020, were used to determine attainment of primary contact recreation use 1 as
reported inthe 2022 Texas Integrated Report (TCEQ, 2022a). Data assessed
indicate non -support of the primary contact recreation 1 use because the
geometric me an concentrations of available samples exceed the geometric mean
criterion of 35 cfu/100 mL for Enterococci , as summarized in Table 1.

Table 1. 2022 Texas Integrated Report Summary for the impaired AU

TCEQ Geometric
SWQM Number of Mean
Water Body AU Parameter Station Data Range Samples (cfu/200 mL)
Cotton 0801C_01 | Enterococci 18697 10/01/2013 o 20 81.2
Bayou Tidal 11/30/2020
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Figure 2. Active TCEQ SWQM stations
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Watershed Overview

The Cotton Bayou Tidal watershedis 16.2 square miles and is located near the
northern border of Galveston Bay (Figure 1). Cotton Bayou flows approximately
5.4 miles, beginning about 0.74 miles upstream of Interstate Highway 10 and
terminating at its confluence with Cotton Lake. Cotton Bayou Tid al makes up
the last 0.7 miles of the water body. The entire watershed is in Chambers

County.

Most of the land in the watershed is cultivated, grassland , and woody . However,
development is increasing near Mont Belvieu and other areas experiencing the
effec ts of urban sprawl. Cotton Bayou Tidal consists of a single AU ( 0801C _01).

The 202 2 Texas Integrated Report (TCEQ, 202 2a) provides the following  water
body and AU description:

1 Cotton Bayou Tidal 0801C (AU 0801C_01) & From the confluence of
Cotton Lake southeast of Mont Belvieu to a point upstream
1.19 kilometers (0.74 miles) near The Plantation neighborhood in
Chambers County.

Climate and Hydrology

Precipitation and temperature data for the period of 200 6 through 20 20 were

retrieved from the National Oceanic and
Climate Data Online for City of Baytown Station USC00410586 (NOAA, 201 8).
The highest average monthly maximum temperatures occur in August (92.8° F)

and the lowest average monthly minimum temperatures occur in January

(42.2° F). The highest average monthly precipitation occurs in August at

8.3 inches and the lowest average monthly precipitation occurs in February at
3.2 inches (Figure 3). The average annual precipitation was 65.5 inches.
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Figure 3. Average monthly temperature and precipitation from

at City of Baytown Station USC00410586

2006 through 2020

Population and Population Projections
Watershed population estimates were developed using the
Area CounGAC®d®s) (Regi onal AUsingvitte metHedology c a s t
outlined in Appendix A, the TMDL watershed 0 2018 population was estimated

to be 8,598 people (H-GAC, 2018; Table 2). This data was further used to

estimate households in the Cotton Bayou watershed at 3,037 in 2018. Regional

Growth Forecast methodology (H -GAC, 2017) was used to estimate regional
population and household growth out to the year 2045.

Houston -Galveston

Table 2. Popu lation estimates and projections

2045 Projected Percentage
2018 Population Increase Increase
AU Population Projection (2018 52045) (2018 62045)
0801C_01 8,598 20,011 11,413 132.74%
Land Cover

In 2018, H -GAC used L andsat satellite imagery to categorize the Houston -
Galveston region into 10 classes of land cover (H -GAC, 2019), as displayed in
Figure 4.

The following are the land cover categories and definitions found in the TMDL
watershed:
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1 Developed & High Intensity d Contains significant land area that is
covered by concrete, asphalt, and other constructed materials.
Vegetation, if present, occupies  less than 20% of the landscape.
Constructed materials account for 80 0100% of the total cover. This class
includes heavily built -up urban centers and large constructed surfaces in
suburban and rural areas with a variety of land uses.

1 Developed & Medium Intensity o Contains area with a mixture of
constructed materials and vegetation or other cover. Constructed
materials accou ntfor 50 &79% of the total area. This class commonly
includes multi - and single -family housing areas, especially in suburban
neighborhoods, but may include all types of land use.

1 Developed & Low Intensity o Contains areas with a mixture of
constructed mat erials and substantial amounts of vegetation or other
cover. Constructed materials account for 21 049% of total area. This
subclass commonly includes single  -family housing areas, especially in
rural neighborhoods, but may include all types of land use.

9 Developed 6 Open Space & Contains areas with a mixture of some

constructed materials, but mostly managed grasses or low -lying
vegetation planted in developed areas for recreation, erosion control, or
aesthetic purposes. These areas are maintained by human act ivity such as

fertilization and irrigation, are distinguished by enhanced biomass
productivity, and can be recognized through vegetative indices based on
spectral characteristics. Constructed surfaces account for less than 20%
of total land cover.

1 Croplan d 6 Contains areas intensely managed to produce annual crops.
Crop vegetation accounts for greater than 20% of total vegetation. This
class also includes all land being actively tilled.

9 Pasture/Grassland & This is a composite class that contains both
Pasture/Hay lands (planted for livestock grazing or the production of
seed or hay crops, typically on a perennial cycle and not tilled) and
Grassland/Herbaceous (areas are not subject to intensive management
such as tilling but can be utilized for grazing)

9 Barren Land 9 This class contains both Barren Land (areas of bedrock,
desert pavement, scarps, talus, slides, volcanic material, glacial debris,
sand dunes, strip mines, gravel pits, and other accumulations o f earth
material) and Unconsolidated Shore (material such as silt, sand, or gravel
that is subject to inundation and redistribution due to the action of
water) areas.

9 Forest/Shrubs & This is a composite class that contains Deciduous Forest
(dominated by t ree species that shed foliage simultaneously in response
to seasonal change), Evergreen Forest (dominated by tree species that
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maintain their leaves all year), Mixed Forest (neither deciduous nor
evergreen species are completely dominant), and Scrub/Shrub (tree
shrubs, young trees in an early successional stage, or trees stunted from
environmental conditions).

1 Open Water & This is a composite class that contains Open Water,
Palustrine Aquatic Bed (tidal and non  -tidal wetlands and deep -water
habitats in whi ch salinity due to ocean -derived salts is below 0.5% and
which are dominated by plants that grow and form a continuous cover
principally on or at the surface of the water), and Estuarine Aquatic Bed
(similar to Palustrine Wetlands except salinity due to oc ean-derived salts
is equal to or greater than 0.5%) areas.

1 Wetlands 0 This is a composite class that contains all the palustrine
(Palustrine Forested Wetland, Palustrine Scrub/Shrub Wetland, and
Palustrine Emergent Wetland) and estuarine (Estuarine Forest ed Wetland,
Estuarine Scrub/Shrub Wetland, and Estuarine Emergent Wetland)
wetland land types.

A summary of the land cover data is provided in Table 3. As depicted in Table 3
and Figure 4, the dominant land uses are  Pasture/Grassland (25.1%), Developed
0 Low Intensity (23.8%), and Wetlands (15.8%).

Table 3. Land cover areaand percentages

2018 Classification Area (acres) Percentage Total

Open Water 1914 1.8%
Developed 0 High Intensity 218.2 2.1%
Developed 8 Medium Intensity 320.7 3.1%
Developed 0 Low Intensity 2,467.5 23.8%
Developed & Open Space 691.9 6.7%
Barren Land 140.6 1.4%
Forest/Shrubs 1,174.7 11.3%
Pasture/Grassland 2,593.3 25.1%
Cropland 919.6 8.9%
Wetlands 1,633.0 15.8%

Total s 10,350.9 100.0%
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Soils
Soils within the TMDL watershed are characterized by hydrologic groups that
describe infiltration and runoff potential. These data are provided by the uU.S.

Department of Agriculture (USDA) Natural Resources Conservation Service

(NRCS) Soil Survey Geographic database (SSURGO) (NRCS, 201 5). The SSURGO
data assigns different soils to one of seven possible runoff potential

classifications or hydrologic groups. These classifications are based on the

estimated rate of water infiltration when soils are not protected by vegetation,
are thoroughly wet, and receive precipitation from long -duration storms. The
four main groups are A, B, C, and D, with three dual classes (A/D, B/D, C/D).

The SSURGO database defines the following classifications.

1 Group A 0 Soils having high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well -drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.

1 Group B & Soils having a moderate infiltration rate when thoroughly wet.
These consist of moderately deep or deep, moderately well -drained or
well -drained soils that have moderately fine texture to moderately coarse
texture. These soils have a moderate rate of water transmission.

1 Group C 0 Soils having a slow infiltration rate when thoroughly wet.
These consist chiefly of soils having a layer that impedes the downward
movement of water or soils of moderately fine texture or fine texture.
These soils have a slow rate of water tran ~ smission.

1 Group D 6 Soils having a very slow infiltration rate (high runoff potential)
when thoroughly wet. These consist chiefly of clays that have a high
shrink -swell potential, soils that have a high water table, soils that have a
claypan or clay layer at or near the surface, and soils that are shallow
over nearly impervious material. These soils have a very slow rate of
water transmission.

1 Soils with dual hydrologic groupings indicate that drained areas are
assigned the first letter, and the second le tter is assigned to undrained
areas. Only soils that are in group D in their natural condition are
assigned to dual classes.

Soils in the Cotton Bayou watershed range from fine to fine -silty with most of
the watershed area covered by soil with very slow in filtration rates (Figure 5).
The soil types are clayey and loamy and transition from acidic -neutral in the

northern reaches to neutral  -alkaline and saline with increasing proximity to
Galveston Bay.
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One Draft Total Maximum Daily Load for Indicator Bacteria
in Cotton Bayou Tidal

Figure 5. Hydrologic soil groups
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